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.Abstrnct

‘J’he Kuiper Fxpress is a mi ssicm to achieve the
first reconnaissance of cmc of the primitive
objects in the Kuiper ]?w]t. The objects in the
Kuipcr l;clt are thought to be the remnants of
the planctmimal swarm that formed the four
giant planets of the outer Solar System.
“1’hcw objects, because they are far from the
Sun, have not been processed by solar heating
and arc essentially in their primordial state.
‘J ‘})iS makes  thC’111  UJliCJLl(’  %]N’ S)KMIII objects
and their study will provide information on
the composition of the solar nebula that
cannot be extracted from a study of objects  in
the inner Solar System or of the’”  giant p]ancts
within which gravitational fractionation of the
constituents has taken p]ace.

‘J’hc’ Kuiper Express is a sciencccraft  mission.
It will km launched using a Delta vchic]c  and
wil] Llse solar electric propulsion to .shapc its
trajcctcmy  in the inner Sc)lar System, while
executing twc) earth gravity-assist flybys.
It will also execute flybys of main belt
ast emids, Mars, Uranus, and Nc’pt me /1 ‘riton

cm route to its target in the Kuiper Belt, where
it will arrive roughly ten years after launch.
It will use no nuclear power. ‘1’}le  surface
constituents and morphology of the objects
\7isjte~  wi]]  ~)p m~asure~  and their

atmospheres ~’jll be characterized both in
emission and absorption (against the Sun).

‘f ’he scnsc)r system and spacecraft subsystems
are highly integrated into one unit, with an
m~pl~asjs  cm shard functionality, thereby
[:rcatly reducing cost, and increasing shard
]-cdunctancy.  Mission operations costs are
reduced bccausc  the design permits the craft
tc) function in a largely autonomous mode.
operations cc)sts arc further reduced by the
design of the integrated sensor  systcm  for
which data collection is optimized when the
channe]s are operated in a time multiplexed
fashion. ‘J ‘bus, “conflict free” sequencing is
achievccl prior to launch, The cost of the
detailed design, fabrication, and launch of the
Kuiper P,xpress is consistent with the $150h4
limit set by the NASA Discovery I’I ograrn.
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I. ~“hc Kuipcr  Belt

‘J’hc Kuiper Ik]{ was postulated to exist by
astronomer Gerard Kuiper, who wcmdcvecl
why the series of giant p]ancts,  ]Llpiter,
Saturn, lJranus, and Neptune, stopped so
abruptly at Neptune.1* 2 It is unlikely, he
rcasoncIcl,  that the solar nebula itself was cut
off sharply beyond Neptune. What then had
become  of the remaining matter? Kuiper
assumed the generally accepted picture of the
formatjon of the planets, with the cold matte]
in the outer part of the nebula condensing
first into planetesimals,  cornet sized bodies
consisting mostly of ice. I’hcn over a longer
t i m e  t h e s e  p]anetesima]s  cc)llidecl, stLlck
together, and gradua]]y  accLlmu]ated  into the
p l a n e t s .  A c c o r d i n g  to this pictLlre, the
planetesima]s  in the regjon beyond NeptLlne
were {cm far apart and too slowly moving to
accumulate to form another large planet. lIL] t
what happened to them and where are they
noM7?  Kuiper concluded that the population of
planctesimals  beyond Neptune is still there.

With this argLm-wnt, Kuiper idcmtified  a new
reservoir of comets, much closer to the SLIn
than the ~ort ~]oLld,3 bLlt, Lln]ike the ~ort
(]oLId,  ]yjng  in  the  p]anc of the  planets.
Kuipm imagined this popLllaticm  of objects to
cxtencl roughly from 40 AU to 10(J AU from
the Sun. 1 ~e cstimateci  their total mass based
on the masses of Uranus and Nept Lme to be
rou~hly  ten Earth masses.

}bprimcntal evidence for the existence of a
comet belt beyond Neptune was ncmexistcni
( o r  unrccogni~cd)  at the tin~~ of Kuiper’s
original publication. ‘J’he possibility of direct
cletcction by observation of reflected sunlight
w a s  rejected  by Kuiper  himself,  and by
others,4 becaLlse  they would be too faint to
detect. };or example, even a 1 O(J km diameter
c)bjcct at 40 AU is approximately 22nd
magnitude. Moreover, most of the Kuiper
objects were thought to bc “comet sized, ”
l>et\\~ccn  ] knl and j () km in diallleter,
l’bus, direct detection was beyond the reach
of the astronomical instruments available at
that time.

A nLImbcr  of unsuccessful] efforts were mad c
to find dynamical evidence for the existence
of these objects in the form of perturbations of

the  orbi ts  of  Uranus and Neptune.
More rcccmt]y  stLldics by Anderson and
Standishs  of tracking data from Pioneer 10
and by }Iamid  et al.~] of the  mot ions  of
p(’riodic comets ha~zc set bouncls on the total
mass  of tllc Kuiper objects of <0.5 liaJ th
masses out to 40 AU and <1.3 Earth masses
OLlt to 50 AIJ.

“1’he first direct evidence for the existcmcc of
the Kuipcr belt came from a reexamination of
the orbit data (some of it centurjes  old) of
short -pcrjocl  comets  by  Duncan ct al.7
T’hcse authors compared the observed
statistics of short period cornets (semi-major
axes S 300 AtJ) with computer sjnlu]atjo~~s
based On two theories of their origin. I’hcy
showed Llneq Llivoca]]y that the observed
populatic)n of short period comets, with
prograde  orbits lying in the plane of the
p l a n e t s ,  could ??of be dcrjved f r o m  the
Observed  population of ]CMIg  period comets,
which had randomly aligned orbits, by
gra\’itational  interactions with )upiter  and
Saturn. 1 lowever,  the shtirt ?>eric~d comets
were very well described by a model in which
they were perturbed into the inner Solar
System from a comet be] t beyond Neptune.

A seconcl  body of experimental evidence
t>cgan accLlnlLl]ating in 1992 with the actual
cliscovcrys  of the first directly observed object
i n  the Kuiper  I}elt, d e n o t e d  1992 QB~ .
‘J’his was followed in the next two years by
the discovery of an additional eleven trans-
Ncptunian  objects, ranging jn heliocentric
distance from 32 AU to 42 AU. 3’hcsc objects
arc, as Whipple4 had predicted, about 22nd
Ina,gnituctc  in apparent bri~htness  and thus
On the o r d e r  of J 00 km i n  d i a m e t e r .
1 ‘rcsL] mabl y they are the 1 arger  members of a
popll]ation  which numbers, according to
I’aric)us estjmates,2,9  be tween 4  x 1 0 8
and 10’3. Their detection  has been enabled by
the advent of more large instruments (e.g., the
Kcck  I’clescope a n d  t h e  Hubblc  S p a c e
1 “elcscopc’)  ant] more sensitive charge coLlp]ed
detection devjces. ~’hc rate of new detections
is noM7  Llndoubted]y  accelerated by the
heightened il~tercst in this once almost
mythological] realm of eternal darkness, cold,
and ice, which may hold in its frozen grip the
kcy to understanding the formatjon  and
m’olution of the Solar System.



11. A Sciencecraft for Kuiper Express

‘J’he authom propose the clcvelopmcmt  of a
s c i e n c e  craft to p e r f o r m  a n  i n i t i a l
reconnaissance of the Kuiper 13elt.  We call this
craft (and the mission on which it will be sent)
the K24iprr Express,  in honor of the astronomer
Gerard Kuipcr,  who was the first tc) realize
that a population of comets must exist beyond
the orbit of Neptune as a remnant of t}lc
formation of the planets. WC have termed it
the lxpress  bccausc  of the short time it will
take to arrive at the inner edge of the belt,
reaching the orbit of Neptune (at 30 AIJ ) only
trn y e a r s  after ]aunch. q’hc Kuipc’r  }ixprc&
will utilize the Sciencccraft  Approach which
is described in detail in a companion paper t~l
this one, 1 @ We repeat this description briefly
here; SW Ref. 10 for further CJctails.

‘J’hc clesign of a sciencecraft  begins with the
definition of the missicm science objectives.
I;C)] the Kuiper Express, the objectives are to
fly by an object in the Kuiper  Belt  and
determine its si7,e, shape,  mass, density,
a] bedo, and rotation rate. We will characterize
the impact bombardment history as it relates
to car]y accretional collisional evolution. We
will map surface composition, identify
mineralogical, volatile, organic species,
understand rcgolith  aging processes (freshly
CIXJOOSd versus darkened /alterecl).  We \\7i]l
map thermal characteristics of the surface
(temperature, thermal inertia, bolometric
bond a] bedo).  WC wi]] search  for satc]]ite
companions.

Based  on these  o b j e c t i v e s ,  a  set of
measurement requirements was inferred,
including long focal length l~ltlltiw~a\~elellgtl~
tclpscope  observatiol~s,  wit)~ c)ptimiz,ed
infrared, visib]c, and ultraviolet readout.
‘J’h~sc requirements  suggested t]~at ~Te
clcvelop a sensor system derived from the
l’lanetary  ]ntegratcd  camera specfr~n~etc.r
(I> ICS). A sensor system concept based on
PICS has been developed for the Kuipcr
Iixpress  Mission. We call this derivative
dcvicc  the Kuiper ]ntegratecl  Sensor Syste]n
( K I S S ) .  I’he K I S S  perfornls imagi~lg
speclrometry  in four windows at infrared,
\’isible, and ultraviolet wavelengths.
]JI addition, it performs imaging in the visible
wavelength range. A detailed description c)f
t h e  IJICS sensor system  is  presented
elsewhere. 1 [’

An observational sequence was developed to
provide the set of required measurements.
This sequcmce  was based cm the pcrstu]atecl
flyby of a 500 km diameter Kuiper Be]t object.
3’his seque]lce will provide a complete
coverage of the sunlit face c~f the target object
in each of the five instrument channels at the
highest resolution possible. It was found that
a closest apprc)ach  distance of 1OO(I kn~
optimiz,oj this data set. ‘J’he critical data set is

r e c o r d e d  i n  the final h~llr before c]osest
approach, and thc~ data vc)]~ln~e for this data
set is about one gigabit. q’his observational
sequence was constrained cmly by the low
level of illuminaticm at approximately 40 AU
f r o m  the SL~n and by the fact that the
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scicncccraft \i, oll]d b c traveling
ap}~r~xima{c]y 20 knl/sec (about 4.5 AIJ/yJ).
‘1’his  latter constraint was adoptc)d ~ priori
bccausc  any trajectory which led to a IOWC1
f l y b y  speed w~)~l]d also  ]cs Ll]t in aJ)

unacceptably lcmg missi cm.

With the scmsor system and the obscwation
seqLlencc  d e f i n e d ,  the d e s i g n  of the
scicncc’craft  h a r d w a r e  sLIbsystems and
subsystem architecture could be begun. This
development process and the resultins
subsystems are described in detail in Ref. 1(1
and will  not be repeated in full here .
We summarim  that process by presenting a
functional block  diagram containing the
l o g i c a l  a r c h i t e c t u r e  of Kuiper  I;,xprcss
(Iigure  1). I’hc reader will note the followins
key features which this figure illLlstrates.
l;irst,  the sciencecraft  architecture is very
si?)rplc which implies prototyping,  integration
and tcstins,  which am both low-cost and fast.
Second, the sciencecraft architectLuT  is highly
iniegraied  and “subsystemless, ”  fa\~oring
clm~elopment  by a highly integrated team,
reminiscent of the skLlnkwc)rks approach
wherein one team “clews it all.” ‘1’bird, the
scicmcecraft  uses advanced techno10K\7,  which
implies that it is highly cizp~hlr.  ‘“’

111. Kuiper Ikprcss  Mission I)esign

I’hc Kuipcr  lixpress  Scicncecraft c a n  he
launched by a I>elta vehicle in hflarch of 1999,
l~igurc 2 shows the craft as it will look in the
IJclta  shrc)ud with its solar panels folded and
in space with its panc]s  fully extended.
After launch, the craft’s trajectory will take it
beyond the orbit of Mars, then back inside the
l;arth’s orbit, and finally in h4ay of 2001 back
to the Farth for a gravity assist. I> Llring the
first thirty onc months of the mi ssi cm, the
Scalar l{lectric thrusters will operate about half
the time, as shown in l;igLuc 3, to shape the
trajectory and add energy and momentum.
l’hcsc  thrusters will  shut clom7n  when t h e
scicncecraft  reaches a distance of 3 AU from
the Sun in Octobcr of 2001. ~’hc trajectory to
be followed by the Kuiper sciencccraft during
these first 30 months after laLmch is shown in
l:igure  3. l~ollowing S111’ shutdown, the
Kuiper Express begins its eight-year crLlise to
t h e  Kuiper IJelt  v i a  U r a n u s  a n d
Ne~>tLlllc/rI’ritc)ll. Neptune is used for final
t a r g e t i n g  dc)wnselection  for the chosen
Kuiper object, Uranus pcmnits the adjustnmnt
of the Neptune  approach phase angle tc~
optimiz,e  the trajectory for the l’ritcm flyby.
‘1’hc use of Uranus and Ne}TtLll~c/’J’rit(~x~  for

l;ip,u]c 2. Kuipcr hprcss Sciemccmaf[ shown in the lkl(a  shK)LId  with its solar  panels fo]clecl  ancl  in space
with its panels fully  extcl)clexl.

Kuiiwl Ihptc.rs, Vet. 2.1 l’age 4
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trajcctcmy  shaping and target downsclcction
Wil] cnab]e  t h e  Kuiper  Express  to a d d
Galileo/Cassini  class obser\~aticms  of these
planets to its scientific harvest. It will thus
complete  a Second  ( a f t e r  V o y a g e r )
reconnaissance of the outer Solar System at a
time \~7 }~ (i  ]) condit ions  have changecl
si~nificant]y.  ‘1’he t ra jec tory  the  Scicmcecraft
Wi]]  fr)]]ow  in t h e  o u t e r  S o l a r  S y s t e m  is
illustrated in F]gure  3.

Attitude control for the Kuiper  F,xpress  is
clone using three different modes of control.
“J’]~r~~c-axis attitLldc contro]  is Llsed for the firSt
two-a  nd-a-}~a]f  y e a r s  of t h e  missic)n.
‘J ‘Ilc ccmtro]  tec}miql~e used is thrust \~ector
control of the SW’ thrusters. From S}11’  cLltoff
~lnti] shcntly before the ~hanus encoLlntc’r, the
Scienmcraft  is space-stored in a spin mode
about its -@ncipal  axis. The sp]n rate ncedecl
for stability will be small, -0.03 RPM, beca~lse
of the large moment of inertia provided by
the solar panels. III this mode, the solar panels
will remain facing the Sun. By the time the
%iencecraft  approaches Uranus (at 19 ALJ)
t h e  }[arth/Sun a n g u l a r  separation  h a s
d roppccl be] cnv 4 c’ and separate pointing of
the solar panels and the high gain antenna for
cc)l~ll]l~lllicatioll and power generation is no

lon~cr necessary. Although the main driver
for spin “storage” during cruise is the
reduct i cm of mission operations costs, the use
of the spin mcde for sciencecraft storage alsc~
serves to rcducc the mass required for
attit Lldc control propellant, Before each
flyby- of lJ~anus,  Neptune, and a Kuipe~
target–- the Scicncecraft  wil] be clespun and
the attitude ccmtro]  systcm p]acecl  in a three-
axis mode Llsing gas thrLmters.  Following the
flybys the craft will return to the spin mode.

‘J’argeting and ve]c)city adjustment prior to
and followinf; planetary encoLmtcrs will use
techniques developed and used for the
Voyager Mission, bLlt with the following
critics] di ffcrencc’. I ‘or Kuiper ]ixprcss some or
all of the navigation, sequence generation and
checking, and sequence execution for gravjty
assist flybys and science ciata recording will
be performed on-board the scicncecraft, ‘I’his
dcpartLm from tradition is made necessary by
tile very high speed c)f the Kuipcr F,xprcss
combined with the considerable latency for
cc)~]~~l~ll~~icatio~~  with the miter Scalar System,
~’here simply won’t be time to phcme home
fo] instructions. ‘1’argeting  for the Kuiper
ol)jecl itself is exacerbated by its small size.
Guise navjgaticm  (i.e., between C! IICOLIIltCYs)

l’age  5



will use> ground-based optical rneasuwmcmts,
probably augmented by data  from the} lubb]e
Space ‘1’clcsccp,  using the } liparcos  optic-a]
star catalog  Llc” fc)r coordinate frame definition.
}~ina] targeting for the Kuipcv flyby will use
the onboard sensor system (KISS) to provide
optical navigation data. l’he clc)sest-a;~}>rc)acl~
distanm’  (assLlming  a 500” kJll diameter target
object) that wi]] c~ptimim  data recording for
the KISS installment is about 1000 km.
we estimate t],a{ Wp ~an attain this distan~e
within i 200 km.

IV, l<uiper Science Data Collection

“Ike observational sec]uence  of events clL~ring
the Kuiper object encoLmter  is constrained by
the geometric factors noted above (diameter
of the Kuiper  target object ,  Sciencecraft
velocity, and clistance  of closest approach).
We have fLlrlhcr  constrained the design of the
nleasuremcnt  sequence by rcquirin~  that a
ncar]y complete coverage of the illuminated
face of the Kuiper object be made in each one
of the five instrument channels- -near and far
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above, all the missicm scientific measuremcn t
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drterminaticm  c)f the target object’s density.
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0] three-p]anc corner  reflector) will bc
ml cased a few hours before closest approacl  ]
and will pass close to the surface of the tar~et.
Rangins  to this probe by the Kuiper lixpress
will determine its gravitational deflccticm and
thus the mass of the target. ~’he final details of
this experiment have not bccm con~plctcl~~
defined,  as they depend critically cm flyby
gcwmetry, velocity, and mass of the Kuiper
object. I’he release c)f another probe tc~ impact
cm the surface of the) Kuiper  object itself,
providing flash sjwctrometry  data, is also
being consiclcrccl as an option,

V. l)robing the Kuiper Belt b y  M e a n s  o f
C)ccultaticm  Astronomy

Two authorsl,l 1 have discusscci the intriguing
possibility that the objects in the Kuiper Hc]t
might be studied from the Earth by means c)f
occultation astronomy. I’he proposed
experimental apparatus is quite simple  in
ccmccpt  and its construction and operation
would be relatively inexpensive to carry cmt,
being Wjt])in the n~eans of amateur
astronomers and high schc)ol students.
We rcpat the essence of their proposal here,
since 1i7e  plan to incorporate screw version of
this into our educational outreach program.

The principal behind the occultation
experiment is this. As an Earth-based
c)bscrver  views the heavcms and as the Kuiper
c)bjccts move in their orbits, from time tc) time
cme wil] pass in front of a distant background
star. When such an event happens, the
cwcultcd star will mcmwntarily blink out and
thcm reappear. ~’he frequency of these e\lents
give’s infcmnaticm  cm the number of Kuipc’r
objects. ‘1’heir duration gives information c)n
the o b j e c t s ’  siz.cs, In  addit ion,  i f  t]lc
measurement is made in two colors, the
clcpenclcmcc  of the diffraction fringes cm
wavelength discloses the distance tc) the
c)cculting  object.

‘] Ilc frequency of occultations depends cm the
number  c~f o b j e c t s  i n  t h e  Kuipcr belt,
Prcclicticms of this number have ranged
f r o m  1013 (KLlipcr2)  to 4 x ]08 (weissnlan~).
1 f the greater of these twc) values is correct,
then a  smal l  telcsco?w  with autc)nlatic
detecting equipment to watch 100 stars
continuously might see occultations at an

a~’crage  rate c)f two pm hour. ~’he duraticm of
these occultaticms depends, of cc)Lme, cm the
sizes of the occult ins objects, which most
authc)rs place in the range of 1 km to 10 km.
in the case c)f a 1 km object, the occultation
will have a maximum duration of aboLlt
30  mscc, easily measurable using modern
electronic  equipment .  “]’he edge of the
“shadow” cast by the Kui}>cr  object on the
IT,arth by the light from a distant star will bcI
made fLlz,x,y  by diffracticm. q’hc extent of this
fLl~,zy region depends on the distance of the
c)bjcct from the l{arth. Fc)r a 1 km diameter
c)bject at a distance of 50 AI.J, the extent of the
fringe pattern wil] bc comparable in sim to
the shadow itself.

‘1’cchniques for dealing with the effects of
atmospheric turbulence (twinkling) and for
identifying and rejecting Llninteresting
c)ccLlltation events (e.  g. ,  from nearby
asterc)ids,  frcm~ Harth orbiting debris, and
from airplanes, birds and bats) are described
by Baileyl  I and Dyson]  in their excellent
papers.

‘Hle equipment required to start out on a
small scale is minimal, ccmsisting of two
().5 meter diameter telescopes, ~~hotomcters,
data links with accurate timing, and a
c o m p u t e r  tc~ co l lec t  and corre la te  a
ccmsidcrablc volume c)f data in real time. If
occultations are observed, the system could
bc expanded. If no c)ccultations  are observed,
the measurements provide invaluable new
in fc~rmaticm,  as they set an upper limit on the
number of objects in the Kuiper Belt, No
dircc[ experimental data fixing this number
currcmtly  exists.

V], Uranus, Neptune, and Triton:
A Science Bonus

The planned flybys of Uranus and Neptune
arc not required  for the Kuiper Pkprcss tc~
reach an object in the Kuiper belt. A Neptune
flyby was included cmiginally tc~ give us a late
(almost tcm years after launch) opportunity to
dcwnse]ect to the scientifically most attractive
target object. Neptune, being ]argc, gives LIS a
~naximum t r a j e c t o r y  b e n d i n g  angle of
about -45°, either in or out of the ec]iptic p]aM’.
‘1’his  strategy  makes good scientific sense
since new KL~ipcr objects arc’ bCillg diSCCWC’rC’d
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at 11](I  rate of about five a year, and t]lis rate is
incrcasinc.  Once the Scienmcraft is launched,
the region of the Kuiper belt lying beyond
hlcpt ~lnc will receive hcightenccl  scrutiny
from the Astronomical community, ]cadin~ to
the d i s c o v e r y  of nlore potcmiial  target o b j e c t s .

Neptune/Triton

Altl~ough Neptune is being used primarily for
a targeting adjustment, wc will reap the
sc ient i f ic  bonus it offers. “J’he  s c i e n c e
object  i\~c’s for ihe Neptune/1’ritcm encc)Llntcr
have becm shaped by the nwasuremcmts  made
in 1989 by Voya8cr.  We will study changes in
Ncptmw’s global circulation and atnmspheric
cly]lan~ics twenty years after Voyager. We will
dC’tQrlllillQ fo]]owing attribtltes of Ncptunc”s
and “1 ‘riton’s  atnmsphcws,

Cor?lposifio72< ~’hc c o m p o s i t i o n  of the
atmospheres including  the abLlndance of Cl 14
in the deep atmosphere and of C’2H2,  C6} 16,
C’0, and J ICN in the stratos?>here and search
for evidence of h~2, 132S, and other species.

Si?”ucfu)’c. ‘l’he  t h e r m a l  s t r u c t u r e  of t h e
atn~osphcws f r o m  the tmpopausc  to t h e
exobasc.

) 77ygy. ‘1’he solar and magnetosphcric energy
input rates to tl-w atmosphere.

Albrdo. ‘Ihe lmlomctric bond albcdo to deduce
the  energy balance  for  the Neptunian
at mc)sphere.

Triton  is one of the m o r e  s c i e n t i f i c a l l y
interesting objects in the Solar System and has
acquirccl  its own cotmie of followers in the
wake of Voyager 11’s discovery there of
“geysers” of liquid Nitrogen and other Llniquc
features.  Ai the encounter with l’riton,
~,~ ~Ti]] undertake the followinc
measurements.

}) OS/- V(My(JgCT  ChflHgCS.  We will sparch fOr
temporal changes twenty years after Voyager
(and at the peak of a maximum southern
s~]mmer)  in the chemical and physical nature
of the surface and ongoing processes (e.g.,
phases of pc)]ar ices, plt]mcs,  and atmospheric
transport).

S14Vj_flrr  Composilim. We will map surface
compositicm, identifying chemical spccics,
abundance, phase states, isotopic species (e.g.,
Cl 14, NL, CO, CX} IY, 11 20) and determining
the partial pressures of N2, Cl 14, (’0 and their
relationships to the physical states of surface
ice deposits.

A lt)~osphrric Composiiio)l. We will determine
the composition of thermal structure of the
atmosphere, including the distribution of
minor constituents, such as (’2112, C~I-lG,
1 ICN, and others.

Afmosphwic Zhyno)nics. Wc will s t u d y  tl~e
atmospheric dynamics from c]oLld systems
and surface eolian markings and determine
characteristics of atmospheric aerosols.

I:?l(’Y&J). we wi]] determine t}~e so]ar and
magnet osp}leric  energy input rates to the
atmosphere.

Uranus

A flyby of UranL1s  was not originally planned
for the Kuiper Fxprcss mission. I 1 owevcr, two
of us (L. Scderb]onl/R.  Brown) realized that
the ncv.des of ‘J’riton’s orbit were oriented in
such a way that a spacecraft approachin~;
Neptune from the direction of the SL~n woLIld
pass no clc)scr  than 350,000 km from Tritcm,
severely limiting the value of the science
aCCILlirC!d  iJl thC f]yby. ~\Ut if  Neptune Wem
approached instead from the direction of
Uranus, the significantly altered phase angle
would permit an almost arbitrarily close flyby
Of ‘J’ritOn. ThLIs,  UranLls  and its sate] ]ites were
added tc) KLliper’s  itinerary.

l’he science objectives for Uranus itself arc
InLICh the same as those for NeptLlnc’, with the
added interest from the fact that by the
time the KLliper Sciencecraft arrives, a quarter
of a lJranian year will have passed since
VoyaScr  11’s visit, enough for a significant
seaional change. T’he science objectives for the
satellites of ~Jranus arc more varied. We will
Inake the fol]o\h’ing meas  Llrenwnts.

NortlIcrI~ }lpn~isphcres. We will explore the
geologic provinces and geornorphologica]
processes of the Uranian  satellites in their
Llnchartecl  northern hcmi spheres.



C17f111icf71 I)ivfvsify.  WC  w i l l  CXplOrC t]lc
chemical diversity of the satellite system (e.g.,
cmormous  cli ffercmccs  bet wecn Umbri e], Aricl
and h4iranda) with a remote sensing packa~c
wiih cqujvaleni  sensing capability to these
being carried by Galileo and Cassini tc) Jupiter
and Saturn.

SurJoce (3nlpositicm. W C will map surface
composition, identifying chemical species,
al>ll]ldallccs,  and mixtures of icy materials
exposed at the satellite surfaces.

Comlntions wifh Cmz;msifim.  WC> will study
the c o r r e l a t i o n  of gcc)morpho]ogy  a n d
rhco] c)gy with composition of t h e  icy
matmia]s.

?’llernlfll  l’roperfirs.  W e  will  map t]lc
temperature distributions and study the
thermal properties cwer the surfaces.

As a final point of interest, wc note that
Uranus and Neptune each have moderately
large satellites, (h4iranda  a n d  Nereid,
respcctivcly)  whose discoverer  i s  the
astronomer we honor  with the name of OUr
mission (Kuiper12).
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